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A prospective study was undertaken of the prognostic 
significance of quantitative signal-averaged electrocardio- 
graphic (ECG) variables relative to clinical variables, site of 
myocardial infarction, left ventricular ejection fraction and 
characteristics of ventricular premature beats in 115 pa- 
tients (mean age 62 2 12 years) studied 10 f 6 days after 
myocardial infarction. Signal-averaged variables included 
the root mean square voltage of the terminal 40 ms, the 
duration of the filtered signal-averaged QRS complex and 
low amplitude signals <40 PV determined at 25 and 40 Hz 
high pass filtering in all patients. 
Of the 115 patients, 51 (44%) had an abnormal signal- 
averaged ECG (one or more abnormal signal-averaged 
variables), 51 (44%) at 25 Hz and 48 (42%) at 40 Hz high 
pass filtering. A higher proportion of patients with an 
inferior wall infarction had an abnormal signal-averaged 
ECG as compared with patients with anterior wall infarc- 
tion (58% versus 31%). 
Over a 14 + 8 month follow-up period 16 patients (14%) 
had an arrhythmic event. An abnormal signal-averaged 
ECG at 40 Hz high pass filtering had a higher sensitivity 
(81% versus 75%) and specificity (65% versus 61%) than at 
25 Hz high pass filtering. The predictive value of the 
signal-averaged ECG was superior to that of the ejection 
Ventricular tachycardia and ventricular fibrillation are the 
major causes of sudden cardiac death after myocardial 
infarction. Although the ultimate factors that result in a 
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fraction (40% versus 20%) in anterior wall myocardial 
infarction, whereas in patients with inferior wall infarction, 
the predictive values of the two tests were equivulent. The 
prognostic power of 27 clinical and noninvasive variables 
was determined with the Cox proportional hazards regres- 
sion model. The variables most significantly associated with 
an arrhythmic event were 1) signal-averaged QRS duration 
at 40 Hz (improvement ,$ = 16.58, p = 0.0001); 2) couplets 
(improvement ,$ = 5.39, p = 0.02); and 3) ejection fraction 
(improvement ,$ = 4.10, p = 0.04). 
In conclusion: 1) An abnormal signal-averaged ECG is 
seen in a high proportion of patients after an acute myo- 
cardial infarction and is associated with a significantly 
higher incidence of arrhythmic events. 2) High pass lil- 
tering provided a better sensitivity and specificity at 40 Hz 
than at 25 Hz. 3) The predictive value of the signal- 
averaged ECG in patients with anterior wall infarction is 
better than that of the ejection fraction, whereas the 
predictive value of these two tests is equivalent in inferior 
infarction. 4) The duration of the signal-averaged QRS 
complex is the most significant independent predictor of an 
arrhythmic event, followed by ventricular couplets and 
ejection fraction. 
(J Am Co11 Cardiol1989;13:377-84) 
malignant ventricular arrhythmia are not completely under- 
stood, the presence of an “electrophysiologic milieu,” char- 
acterized by inhomogeneous propagation of conduction or 
ischemia, or both, is believed to be the most important 
causative factor. Identification of patients at risk of a malig- 
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nant at-rhythmic event is of clinical relevance. Thus, several 
clinical variables, such as the results of Holter electrocar- 
diographic (ECG) monitoring, exercise testing, ejection frac- 
tion and programmed electrical stimulation, have been uti- 
lized in an attempt to risk-stratify patients after myocardial 
infarction (l-3). 
In the last few years, the technique of signal averaging 
with high gain amplification and filtering of the ECG re- 
corded from the body surface has been used to identify low 
amplitude high frequency signals (also called “late poten- 
tials”) in the terminal portion of the QRS complex and ST 
segment (4-12). These low amplitude signals have been 
observed in a high proportion of patients with spontaneous 
as well as induced ventricular tachycardia in the setting of an 
old or remote myocardial infarction (4-12). Experimental as 
well as clinical studies (13,14) have amply documented that 
the electrophysiologic basis of late potentials is inhomoge- 
neous propagation of conduction in scarred myocardium. 
We (15,16) and others (17,18) have recently demonstrated 
that patients with recent myocardial infarction who have late 
potentials or an abnormal signal-averaged ECG have a 
significantly higher arrhythmic event rate compared with 
that in patients with a normal signal-averaged ECG. 
However, the following issues have not yet been ad- 
dressed in prospective studies: 1) the relative predictive 
value of the signal-averaged ECG assessed at 25 and 40 Hz 
high pass filtering; 2) the relative predictive value of the 
signal-averaged ECG and ejection fraction in inferior versus 
anterior wall infarction; and 3) the long-term prognostic 
power of quantitative signal-averaged variables, clinical var- 
iables, ejection fraction and 24 h Holter findings in patients 
after myocardial infarction. The purpose of this prospective 
study was to address these issues. 
Methods 
Study patients. One hundred fifteen patients from a total 
of 170 patients admitted to the coronary care units of the 
Mount Sinai Medical Center with an acute myocardial in- 
farction were prospectively studied. Patients with bundle 
branch block, cardiogenic shock and those in need of anti- 
arrhythmic therapy during the signal-averaging procedure 
and 24 h Holter recording were not included in the study. 
The mean age of the patients was 62 2 12 years. There 
were 81 men and 34 women. Fifty-five patients (48%) had an 
anterior wall infarction, 50 patients (43%) had an inferior 
wall infarction and 10 patients (9%) had a non-Q wave 
infarction. A total of 44 (38%) and 24 patients (21%) 
respectively, were discharged on treatment with a beta- 
adrenergic blocking agent and one or more antiarrhythmic 
agents. Fourteen patients had coronary artery bypass sur- 
gery. 
ECG signal-averaging technique. For signal averaging of 
the surface QRS complex in all patients, seven silver-silver 
chloride electrodes were attached in the horizontal, vertical 
and sagittal planes after the skin was cleansed with alcohol 
and a mildly abrasive pad. The horizontal lead (X) electrodes 
were positioned in the fourth intercostal space at the right 
and left midaxillary lines, the vertical lead (Y) electrodes at 
the suprasternal notch and V, position and the sagittal lead 
(Z) electrodes at the V, position anteriorly and the corre- 
sponding position posteriorly. A ground electrode was posi- 
tioned at the eighth rib in the midaxillary line. Signal 
averaging was performed with the model 101 high resolution 
electrocardiograph (Arrhythmia Research Technology), 
which records the X, Y and Z leads, which are amplified and 
digitized. The output band width is 0 to 1,600 Hz, and the 
sampling rate is 1,000 samples/s. In each patient, approxi- 
mately 200 beats were averaged and later processed with a 
bidirectional four-pole Butterworth filter. A vector magni- 
tude was calculated for each point of the averaged signal as 
V = dX2+Y’ tZ2. All data were analyzed at filter frequen- 
cies of 25 to 250 Hz, (6) as well as of 40 to 250 Hz (8). The 
end of the QRS complex was identified by utilizing the 
algorithm of Simson (6). The following quantitative signal- 
averaged ECG variables were calculated by computer and 
visually inspected (6,&M): the total duration of the signal- 
averaged QRS complex; the root-mean-square voltage of the 
terminal 40 ms and the duration of low amplitude signals of 
~40 pV. For high pass filtering of 25 Hz, the normal values 
for our laboratory are signal-averaged QRS duration of 5 114 
ms, root-mean-square voltage 225 PV and low amplitude 
signal duration of 232 ms. For 40 Hz high pass filtering, the 
normal values are signal-averaged QRS of 5114 ms, root 
mean square voltage 220 PV and low amplitude signal 
duration 538 ms. 
The ejection fraction was determined by radionuclide 
ventriculography. A value of ~40% was considered to be 
abnormal. 
Halter recordings. Twenty-four hour dual channel Holter 
ECG recordings were obtained with a Marquette Electronics 
8000 Holter monitoring system. Holter data were analyzed 
for the following ventricular premature depolarization 
counts and characteristics: none, < 10 ventricular premature 
depolarizations/h, 2 10 ventricular premature depolariza- 
tions/h, 2 100 ventricular premature depolarizations/h, cou- 
plets and runs of nonsustained ventricular tachycardia (that 
is, 23 consecutive ventricular depolarizations). The pres- 
ence of the latter four categories of ventricular premature 
beats was considered to be high grade ventricular ectopic 
activity. 
Protocol. Signal averaging of the surface QRS complex 
was performed within 10 -t 6 days of the index infarction, 
and data were available for analysis in all 115 patients. 
Radionuclide ventriculographic and 24 h Holter monitoring 
data were available for analysis in 110 and 94 patients, 
respectively. In the remaining patients, either the latter two 
tests were not performed or the data could not be adequately 
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analyzed for technical reasons. AI] three specialized tests 
were performed within 72 h of each other. The results of 
ECG signal averaging were not disclosed to the primary 
physicians and did not in any way influence therapeutic 
decisions. The use of antiarrhythmic agents and beta- 
adrenergic blocking agents (type and dosages) was left to the 
discretion of the primary physicians. 
Patients had follow-up contact through visits to the 
clinic, private physicians and by telephone. Follow-up con- 
tact was also establisheed by a written questionnaire mailed 
every 3 months. In the event of death, information regarding 
the nature of death was obtained from patients’ relatives and 
private physicians. 
Arrhythmic events. The occurrence of documented sus- 
tained ventricular tachycardia or ventricular fibrillation or 
sudden cardiac death was considered to be an arrhythmic 
event unless they occurred in the acute phase of myocardial 
infarction. Sustained ventricular tachycardia was defined as 
tachycardia of 2 120 beats/min of ventricular origin, lasting 
for 230 s or associated with hemodynamic compromise. 
Sudden cardiac death was defined as instantaneous unex- 
pected death or death occurring within 1 h of the onset of 
symptoms. Nonsudden cardiac death was defined as death 
due to circulatory failure. 
Statistical analysis. Data were analyzed by using the 
Student’s t test and chi-square analysis where appropriate. 
All values are expressed as mean ? SD. Determination of 
the long-term prognostic power of a total of 27 variables (see 
Appendix) was explored by performing a survival analysis 
based on the Cox proportional hazards regression model 
(18). The survival analysis with regression covariates allows 
the user to generate a survival curve for each combination of 
values of the covariates. In each case, the model fit is: S (t;z) 
= [So (t)] exp (P’Z), where S = nonparametric baseline 
survival function, t = the time since myocardial infarction, Z 
= the covariate vector. /3 = the coefficient vector, and So (t) 
= the baseline survival function corresponding to the sur- 
vival at Z = 0. 
Results 
Relation between the signal-averaged ECG and clinical and 
other noninvasive variables (Table 1). Of the 115 patients, 51 
(44%) had an abnormal signal-averaged ECG that is, one or 
more abnormal variables, 51 (44%) at 25 Hz high pass 
filtering and 48 (42%) at 40 Hz high pass filtering. Band pass 
filter-related discordant results were seen in 11 patients. In 
seven patients, an abnormal signal-averaged ECG at 25 Hz 
high pass filtering normalized at 40 Hz high pass filtering; in 
all seven patients, the normalization occurred in the duration 
of low amplitude signals. In four patients, a normal signal- 
averaged ECG at 25 Hz high pass filtering became abnormal 
at 40 Hz high pass filtering, in all four patients, the abnor- 
mality was due to prolongation of low amplitude signal 
Table 1. Clinical and Other Features of Patients With an 
Abnormal or a Normal Signal-Averaged Electrocardiogram (ECG) 
Abnormal SA Normal SA 
ECG ECG p Value 
No. 48 67 - 
Age (yr) 64 + 10 61 ? 13 0.8 
Gender (M/F) 38110 43124 
Site of Ml 
Anterior I5 40 0.002 
Inferior 28 22 0.006 
Non-Q wave 5 5 0.5 
Peak CK (Uiliterl 1.417 2 I.215 I.219 + 1,373 0.5 
EF 1%) 35 ? I3 392 12 0.1 
VPDs 
0 or <IO/h 17140 24/54 .85 
210/h 2140 4154 0.6 
Couplets 1 I/40 181.54 0.5 
Triplets 10140 8154 0.5 
CK = creatine kinase: EF = ejection fraction; F = female; M = male; SA 
= signal-averaged: VPDs = ventricular premature depolarizations. 
duration and a decrease in the root-mean-square voltage of 
the terminal 40 ms. 
The clinical and other features of the patients with an 
abnormal and normal signal-averaged ECG at 40 Hz high 
pass filtering are shown in Table 1. A higher number of 
patients with inferior infarction had an abnormal than a 
normal signal-averaged ECG (58% versus 33%). Likewise, a 
higher number of patients with anterior infarction had a 
normal than an abnormal signal-averaged ECG (60% versus 
31%). Because 10 variables were compared between the 
patients with an abnormal versus a normal signal-averaged 
ECG, the significance of each test was taken as p < 0.05/10 
or <0.005 (Bonferroni’s adjustment) (20,21). Therefore, ex- 
cept for the difference in the incidence of normal and 
abnormal signal-averaged ECGs in patients with anterior 
wall infarction, other comparisons were not statistically 
significant. 
Arrhythmic and nonarrhythmic events. During the fol- 
low-up period (14 ? 8 months), 16 patients (14%) had an 
arrhythmic event that occurred within 41 ? 52 days (range 8 
to 150) of the acute myocardial infarction. Of these patients, 
eight had documented sustained ventricular tachycardia, 
three had ventricular tachycardia that degenerated into 
ventricular fibrillation and five had sudden cardiac death. 
Twelve patients died during the follow-up period; a total of 
10 patients (9%) had a cardiac-related death. 
Relation between quantitative signal-averaged variables 
and arrhythmic events (Table 2). A significantly higher num- 
ber of patients with any abnormal signal-averaged variable 
had an arrhythmic event compared with those with normal 
signal-averaged variables at 25 and 40 Hz high pass filtering. 
Because six tests were compared at each filter setting, the 
significance (18,19) of each test was taken as p < 0.05/6 or 
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Table 2. Relation Between Quantitative Signal-Averaged Variables and Arrhythmic Event Rates 
in 1 I5 Patients 
Event Rate 
Odds 
Abnormal Normal Ratio p Value Sn SP 
SA Variable (25 Hz) 
SA QRS duration IO/26 
RMS V 913 1 
LAS 12133 
2 I variable 12151 
~2 variables IO/26 
SA QRS + RMS V 8116 
6/89 5.1 0.0004 63 84 
7184 3.4 0.004 56 78 
4182 7.4 0.00001 75 78 
4164 3.7 0.007 15 61 
6189 5.7 0.00004 62 84 
8199 6.1 0.00003 50 92 
SA Variable (40 Hz) 
SA QRS duration 10126 6189 5.7 0.00004 63 84 
RMS V 13140 3175 8.1 0.0003 81 73 
LAS 11134 5/81 5.2 0.0002 69 77 
2 I variable 13148 3167 6.9 0.0005 81 65 
~2 variables 11131 5184 6.0 0.00004 69 80 
SA QRS t RMS V 9116 7/99 8.0 0.0004 56 95 
LAS = low amplitude signals of <40 pV: RMS V = root mean square voltage: SA = signal-averaged; Sn = 
sensitivity (%I; Sp = specificity (%). 
<0.008 (Bonferroni’s adjustment) (20,21). The odds of hav- 
ing an event with one or more than one abnormal signal- 
averaged variable were 3.4 to 7.4 at 25 Hz filtering and 5.2 to 
8.1 at 40 Hz filtering. The sensitivity of abnormal signal- 
averaged variables at 25 Hz filtering ranged from 56% to 
75%; the specificity ranged from 61% to 84%. The sensitivity 
of signal-averaged variables was better at 40 Hz filtering 
compared with that at 25 Hz filtering. The presence of two or 
more abnormal variables had a higher specificity than that of 
a single variable, but a lower sensitivity. The duration of the 
signal-averaged QRS complex and root mean square voltage 
at 40 Hz filtering had the highest specificity of 95%, but a 
lower sensitivity of 56% (Fig. 1 and 2). 
Because an abnormal signal-averaged ECG (one or more 
variables) was more common in patients with an inferior wall 
infarction than in those with anterior infarction, we assessed 
the sensitivity and specificity of the signal-averaged ECG in 
predicting arrhythmic events in relation to the infarct site. 
High pass filtering at 40 Hz was chosen over 25 Hz because 
of the latter’s greater predictive accuracy for an arrhythmic 
event. In patients with inferior wall infarction, the sensitivity 
of the signal-averaged ECG was very high (100%) but the 
specificity was low (50%). In contrast, in patients with 
anterior infarction, both the sensitivity (75%) and the spec- 
ificity (80%) were good. 
Relation between ejection fraction and arrbytbmic events 
(Table 3). A significantly higher number of patients with an 
ejection fraction ~40% had an arrhythmic event in contrast 
to patients with an ejection fraction ~40%. However, among 
the patients with an abnormal ejection fraction, the majority 
were in the group with an ejection fraction ~30%. Thus, the 
odds of having an at-rhythmic event were 4.5 in patients with 
an ejection fraction ~30% compared with 2.9 for those with 
an ejection fraction <40%. The sensitivity of an ejection 
fraction ~40% was 75%, but the specificity was only 53%, 
whereas an ejection fraction 430% provided a good speci- 
ficity of 73% and a sensitivity of 69%. 
Because a higher proportion of patients with an anterior 
Figure 1. Vector magnitude of a patient with an anterior wall 
infarction and normal signal-averaged electrocardiographic (ECG) 
variables. All quantitative signal-averaged ECG variables are nor- 
mal. The total duration of the signal-averaged QRS complex is 78 
ms. The duration of low amplitude signals <40 PV (shaded area) is 
8 ms and the root mean square (RMS) voltage of the terminal 40 ms 
is 211 pV. 
Vector Magtituie 
IOOmm/S lmm&v IO-ZiOHz 
chuhr 4ow 8 
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Figure 2. Vector magnitude of a patient with an anterior wall 
infarction and an arrhythmic event. All quantitative signal-averaged 
electrocardiographic variables are abnormal. The total duration of 
the signal-averaged QRS complex is 128 ms, the duration of low 
amplitude signals (shaded area) is 62 ms and the root mean square 
(RMS) voltage of the terminal 40 ms is 9 pV. 
than with an inferior wall infarction (66% versus 32%) had an 
abnormal ejection fraction, we assessed the sensitivity and 
specificity of the ejection fraction in predicting an arrhyth- 
mic event relative to the site of infarction. The sensitivity of 
an abnormal ejection fraction (that is, ~40%) was high 
(87%), but the specificity was low (38%) in patients with an 
anterior infarction. In contrast, the sensitivity was low 
(50%), but the specificity was higher (71%) in patients with 
inferior infarction. 
Relation between ventricular premature beats and arrhyth- 
mic events. Three of 41 patients with no ventricular prema- 
ture beats or <IO ventricular premature beats/h had an 
arrhythmic event, whereas none of the 6 patients with 210 
ventricular premature beats as their highest grade of ventric- 
ular arrhythmia had an event. A significantly (p = 0.02) 
higher number of patients with couplets (7 of 29) as the 
highest grade of ventricular arrhythmia had an arrhythmic 
event in contrast to those with no couplets (3 of 47). 
Similarly, a significantly (p = 0.04) higher number of patients 
with triplets or runs of nonsustained ventricular tachycardia 
(6 of 18) as the highest grade of ventricular arrhythmia, had 
Table 3. Relation Between Ejection Fraction and Arrhythmic 
Events in I10 Patients 
EF Event Rate Odds Ratio p Value Sn sp 
<400/c 12lS6 2.9 0.03 7s 53 
240% 454 
230% 11136 4.5 0.0008 69 73 
>30% 51’74 
Abbreviations as in Tables 1 and ? 
- HGE t-1 - HGE (t) 
---- SA40 normal ---- SA40 abnormal 
-.-‘- EF normal - - - EF obnormol 
20 40 60 80 100 I20 140 160 
DAYS 
Figure 3. Estimated survival curves (Cox regression survival anal- 
ysis) for 115 patients. The days are plotted on the abscissa and the 
estimated survival curve for patients with (t) and without (-) high 
grade ectopic activity (HGE), with a normal and an abnormal 
ejection fraction (EF) and with a normal and abnormal signal- 
averaged (SA) electrocardiogram (ECG) at 40 Hz high pass filtering 
(SA 40), is plotted on the ordinate. The estimated arrhythmia 
survival for 150 days was 0.72 for the abnormal signal-averaged 
ECG. For further explanation see text. 
an arrhythmic event in contrast to those without (10 of 76). 
The odds of having an arrhythmic event were 3.8 for 
couplets and 2.5 for triplets or runs of nonsustained ventric- 
ular tachycardia. Of the grades of ventricular arrhythmias on 
24 h Holter monitoring, the presence of triplets had the 
highest sensitivity of 46% and a specificity of 85%. 
Long-term prognostic power of clinical Holter and quanti- 
tative signal-averaged variables. When the stepwise Cox 
survivorship analysis was used with regression covariates to 
determine the independent prognostic power of 27 clinical 
and noninvasive variables (Appendix), the duration of the 
signal-averaged QRS complex at 40 Hz high pass filtering 
(improvement /J = 16.5, p = O.OOOf), couplets (improve- 
ment ,$ = 5.39, p = 0.02) and ejection fraction (improve- 
ment /J = 4.1, p = 0.04) had the most significant relation to 
an arrhythmic event. The p value for the chi-square test for 
all of the covariates was identically zero (that is, global ,$ 
was 0.0001). 
Thr estimated survival curves for patients with a normal 
versus an abnormal signal-averaged ECG (that is, one or 
more abnormal variables), a normal versus abnormal ejec- 
tion fraction and the absence versus the presence of high 
grade ventricular premature beats are shown in Figure 3. 
The estimated arrhythmia-free survival for 150 days was 
0.96, 0.96 and 0.98 for patients without high grade ventricu- 
lar premature beats, normal ejection fraction and normal 
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signal-averaged ECG, respectively; This contrasted with 
0.86, 0.86 and 0.72 for patients with high grade ventricular 
premature beats, abnormal ejection fraction and abnormal 
signal-averaged ECG, respectively. 
Discussion 
The prognostic significance of quantitative signal-aver- 
aged ECG variables determined at 25 Hz as well as 40 Hz 
high pass filtering was assessed in this study in patients after 
myocardial infarction. These filter frequencies were selected 
because they have been utilized in most recent retrospective 
as well as prospective studies (6,8-11,13,14,17,18,21). Be- 
cause the sensitivity of quantitative signal-averaged varia- 
bles has been shown (8,22) to be higher at 40 Hz high pass 
filtering as compared with 25 Hz in retrospective studies of 
patients with documented sustained ventricular tachycardia, 
we assessed these variables at both filter frequencies to 
determine their sensitivity, specificity and independent prog- 
nostic power in a prospective manner. 
Incidence of an abnormal signal-averaged ECG after myo- 
cardial infarction. Our findings indicate that a high propor- 
tion of patients after myocardial infarction have an abnormal 
signal-averaged ECG, however, the incidence of abnormal- 
ity is dependent on the high pass filter frequency and the 
quantitative variable. Whereas an abnormal duration of the 
signal-averaged QRS complex was seen in only 23%, an 
abnormal root-mean-square voltage duration of the terminal 
40 ms was seen in 35% of patients. No relation was noted in 
this study among the signal-averaged ECG and peak creatine 
kinase values, ejection fraction and frequency and charac- 
teristics of ventricular premature beats. These findings con- 
firm our previous observations (15,16,23) and those of oth- 
ers. However, a higher proportion of patients with inferior 
wall infarction had an abnormal signal-averaged ECG, 
whereas a normal signal-averaged ECG was seen in a 
significantly higher proportion of patients with an anterior 
infarction, as previously reported (18). This finding may be 
related to the fact that the inferoposterior segment of the left 
ventricle is the last to be depolarized relative to the antero- 
septal or anterior wall. Thus, patients with inferior infarction 
and slow regional activation are more likely to exhibit an 
abnormal signal-averaged ECG, whereas patients with an 
anteroseptal or anterior wall infarction will need a large mass 
of myocardium with slow regional activation to outlast 
depolarization of the inferior wall. Also, in anterior infarc- 
tion, a higher voltage generated by normal activation of the 
inferior wall at a time of regional slow activation of the 
anterior wall infarction may mask low level potentials in the 
terminal QRS complex. 
Predictive value of the signal-averaged ECG relative to 
ejection fraction in anterior and inferior myocardial infarc- 
tion. Our study demonstrates for the first time that the 
signal-averaged ECG has an extremely high sensitivity 
(100%) in predicting arrhythmic events in patients with 
inferior infarction, whereas it has a low specificity (50%) in 
these patients; in contrast, sensitivity is lower in patients 
with anterior infarction (75%), but the specificity is consid- 
erably better (80%). These observations are of considerable 
importance, particularly in the context of using the ejection 
fraction to predict arrhythmic events. Thus, our study shows 
that the sensitivity of an abnormal ejection fraction was 
better in patients with anterior than inferior infarction (87% 
versus 50%), whereas the specificity was considerably better 
in patients with inferior than anterior infarction (71% versus 
38%). Consequently, the predictive value of the signal- 
averaged ECG in patients with anterior infarction was supe- 
rior to that of the ejection fraction (40% versus 20%), 
whereas in patients with inferior farction, the two tests were 
equivalent (21% versus 20%). 
Comparison with previous studies. Our observation that a 
significantly higher number of patients with future arrhyth- 
mic events had abnormal signal-averaged ECG variables is 
similar to observations recently reported in several prospec- 
tive studies (3,16-18). However, our study is comparable 
only with that of Kuchar et al. (18) in its methodology 
(quantitative approach, bidirectional filtering), time of re- 
cording after myocardial infarction and end points of the 
study. In addition, our study shows that the sensitivity and 
specificity of the signal-averaged ECG are dependent on 
both the high pass filter and the quantitative variables. The 
latter applies particularly to the duration of low amplitude 
signals ~40 PV and root mean square voltage of the terminal 
40 ms, whereas the sensitivity and specificity for duration of 
the filtered QRS complex were equivalent for 25 and 40 Hz 
high pass filtering. This observation is related to the strong 
dependence on the high pass filter of both the duration of low 
amplitude signals and the root-mean-square/voltage in con- 
trast to the weak dependence of the duration of the filtered 
signal-averaged QRS (22). The sensitivity of 92% reported 
by Kuchar et al. (18) for an abnormal signal-averaged ECG 
in predicting arrhythmic events after myocardial infarction is 
higher than that in our study, but the specificity of 61% is 
comparable. However, our study further demonstrates that 
the lower specificity of a single abnormal quantitative vari- 
able can be improved by a combination of variables. Thus, 
the combination of two or more abnormal variables has a 
higher positive predictive value than that of one abnormal 
variable (35% versus 27%), whereas the combination of an 
abnormal signal-averaged QRS duration and root-mean- 
square voltage of the terminal 40 ms had the highest positive 
predictive value (58%) at 40 Hz high pass filtering. 
Our results suggest that signal-averaged ECG variables 
have a higher sensitivity and specificity in predicting 
arrhythmic events than does an abnormal ejection fraction 
(~40%) or the results of 24 h Holter monitoring. However, 
when an abnormal ejection fraction was dichotomized at 
2300/o, the specificity and predictive value for a future 
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arhythmic event improved, as previously observed by Big- 
ger et al. (2) 
Independent prognostic value of signal-averaged variables 
relative to other clinical and noninvasive variables. Of 27 
clinical and noninvasive variables, including the quantitative 
values of signal-averaged variables determined at both 25 
and 40 Hz high pass filtering, the duration of the signal- 
averaged QRS complex at 40 Hz high pass filtering had the 
most significant relation to an arrhythmic event, followed by 
the presence of ventricular couplets and ejection fraction. 
This finding has not been previously reported. It is not clear 
why the duration of the filtered signal-averaged QRS com- 
plex should assume greater importance than other quantita- 
tive signal-averaged variables. One can speculate that an 
abnormal duration of the signal-averaged QRS complex may 
reflect a greater mass of myocardium with inhomogeneous 
propagation of conduction, thereby facilitating the occur- 
rence of reentrant ventricular tachycardia or ventricular 
fibrillation or both. Our observations indicate that the esti- 
mated survival, based on the Cox regression model, is lower 
in patients with an abnormal signal-averaged ECG compared 
with that in patients with an abnormal ejection fraction and 
high grade ventricular premature beats. 
Thus, in addition to confirming some of the observations 
of Kuchar et al. (I@, our results indicate that the duration of 
the signal-averaged QRS complex is a better independent 
marker of the arrhythmogenic substrate than is the root- 
mean-square voltage of the terminal 40 ms or the duration of 
low amplitude signals ~40 t_~uV (both often used as a reflec- 
tion of “late potentials”). In contrast to the study of Kuchar 
et al. (18). our study also reveals that the presence of 
repetitive ventricular beats that can serve as trigger factors 
for the induction of ventricular tachycardia/ventricular fibril- 
lation is also a strong independent predictor in addition to 
the ejection fraction. 
Conclusions. The results of this study indicate the follow- 
ing: 1) Signal averaging of the surface QRS complex in the 
time domain mode is a useful noninvasive technique for 
risk-stratifying patients after myocardial infarction. 2) High 
pass filtering provides a higher sensitivity at 40 Hz and 
specificity than at 25 Hz. 3) The sensitivity of the signal- 
averaged ECG in predicting arrhythmic events is higher in 
patients with inferior as compared with anterior wall infarc- 
tion, but the specificity is higher in patients with anterior 
infarction as compared with inferior infarction. 4) The dura- 
tion of the signal-averaged QRS complex is the most impor- 
tant variable in predicting an arrhythmic event when used in 
the context of clinical variables such as ejection fraction and 
results of 24 h Holter monitoring. 5) Noninvasive algorithms 
that include the signal-averaged ECG, left ventricular func- 
tion and the presence of repetitive forms of premature 
ventricular beats may be useful in selecting patients for 
interventional therapy after myocardial infarction. 
Appendix 
Clinical and noninvasive variables used in the stepwise Cox 
survivorship analysis. These were age, gender, site of myo- 
cardial infarction, time of signal averaging, peak serum 
creatine kinase, signal-averaged QRS duration at 25 Hz, 
duration of low amplitude signals ~40 PV at 25 Hz: the root 
mean square voltage of the terminal 40 ms at 25 Hz, 
signal-averaged ECG at 25 Hz (dichotomized), signal- 
averaged QRS duration at 40 Hz, duration of low amplitude 
signals at 40 Hz, root mean square voltage of the terminal 40 
ms at 40 Hz, signal-averaged ECG at 40 Hz (dichotomized), 
ejection fraction, ejection fraction (dichotomized), event 
time, documented follow-up, coronary bypass surgery, beta- 
adrenergic blocking agents, antiarrhythmic agents, no ven- 
tricular premature depolarizations, I 10 ventricular depolari- 
zations/h, 210 ventricular premature depolarizations/h, 
2 100 ventricular premature depolarizations/h, couplets, 
triplets and high grade ventricular premature beats. 
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